Zinc deficiency was induced in recently weaned female Tan rabbits by feeding a diet containing 0·2 p.p.m. of zinc and severely limiting their access to zinc from other sources in the environment. Reduced food consumption, weight loss, lowered haematocrit leve]s, frequent appearance of alopecia and dermatosis as well as reproductive failure were observed. Histo]ogically, the uteri of the zinc-deficient rabbits were pale and inactive. The ovaries had Graafian follicles but lacked corpora ]utea despite repeated attempts to mate the females.
1
As the use of rabbits is transferred from pyrogenic and immunological areas to include metabolic and physiological investigations, the dearth of knowledge about specific nutritional requirements was brought into focus by the National Academy of Sciences-National Research Council (NRC, 1966) . The present study was made to obtain definite symptoms of zinc deficiency in the rabbit, to determine the effects of zinc deficiency on weight gain, efficiency of food conversion, reproductive performance and zinc levels in the tissues as well as an appraisal of the histological changes produced by the deficiency.
MATERIALS AND METHODS
12 recently weaned female Tan rabbits, 8-10 weeks of age, were randomly assigned to 2 experimental groups. Members of one group (controls) were individually housed in galvanized rabbit cages and fed a modification of a purified rabbit diet (Gaman, Fisher & Feigenbaum, 1970) containing 71 p.p.m. zinc. Housed in a similar battery of stainless-steel cages, members of the other group received the same diet, but with additional calcium carbonate replacing the zinc sulphate to formulate a diet containing 0·2 p.p.m. of zinc. Modifications used in both rations consisted of extracting zinc from the isolated soy protein according to the method of Davis, Norris & Kratzer (1962) and including 10 mg magnesium sulphate per kg diet. All ingredients were certified, analytical-reagent, or purified grades, and were selected for lowered heavy-metal content. Members of both groups were fed ad libitum and the deionized distilled drinking water was treated with 0·025 g tetracycline hydrochloride per litre. Observations of the appearance, behaviour, body weights and daily food consumption for each rabbit were recorded. After 14 weeks, the rabbits were placed with Tan bucks for mating according to a schedule which allowed each female with each buck for the same frequency and duration. Normally, they were euthanized with ether 3 weeks after parturition.
Histological study and determinations of the zinc content were made using selected tissues and organs. The haematocrit and haemoglobin levels were determined on samples of whole blood taken by heart puncture from each rabbit when they were killed.
The zinc content of feed, water samples, and selected tissues was determined by atomic absorption spectrophotometry. Samples were weighed into tared 50 ml 'Pyrex' flasks previously treated with nitric acid (Vallee & Gibson, 1948) to free them from zinc contamination. The samples, with appropriate blanks, were dried, ashed at 465±IO°C for 8 to 10 hours or until a grey-white product was obtained, diluted to 10 ml with 1·2 molll nitric acid and analyzed for zinc concentration.
RESULTS AND DISCUSSION
After 14 weeks on the low zinc regime, average weight and total food consumed were significantly lower among the deficient subjects than among the controls (Table 1 ). The rate of bodyweight gains ( Fig. 1) showed that the (g) 4474 3400** zinc-deficient rabbit gained more slowly from the beginning, and lost weight after the 6th week. Clinical signs of zinc deficiency in the form of achromotrichia and some dermatosis and hair loss, appeared among members of the low zinc group after 6-9 weeks on the experimental diet (Table 2 ). In a Weeks on experiment study of zinc deficiency in mice, Day (1942) reported retarded growth and alopoecia of the shoulders, back of the neck, and part of the face; the black or dark-brown fur of each zinc-deficient rabbit showed some loss of pigment, first noted between the eyes and at the base of the ears before progressing down the sides and over the back (Fig. 2) . Since achromotrichia has not previously been reported as a symptom of zinc deficiency in rabbits, it may have been caused by an interaction between the low zinc intake and biotin, pantothenic acid, folic acid or lysine. Nishimura (1953) , in experiments on suckling mice, suggested that thiamine may have some sparing action on zinc metabolism. Imada (1940) also reported a synergistic interaction between thiamine and zinc in the intermediary metabolism of carbohydrate in the rabbit.
After 12 weeks, small areas on the bodies of 2 of our animals were denuded.
In most areas the bare skin became encrusted with dry scales of exfoliated epidermis.
No signs of skin inflammation were observed, and gross examination and microscopic study of skin scrapings ruled out external factors as a cause of the skin and hair condition observed.
The presentation of the female rabbits to Tan bucks resulted in the control females conceiving and bearing normal litters of 3-5 young.
4 of the 6 zincdeficient rabbits exhibited no interest in the males. The other 2 received the bucks but failed to become pregnant.
Histological studies of the ovaries of all rabbits revealed the presence of Graafian follicles in every case but only 1 of the zinc-deficient rabbits had a corpus luteum.
Zinc deficiency did not seem to interfere with the attainment of sexual maturity but may be responsible for the apparent failure of ovulation to occur. These observations, when combined with the presence of a pale, inactive endometrium in the zinc-deficient rabbits were associated with the fact that deficient rabbits did not bear litters.
Other histological observations of abnormalities, such as pneumonia and fatty liver degeneration, in the tissues of the zinc-deficient rabbits were not conclusive, but seem to reflect the general physical degeneration which occurred as the deficiency progressed.
There was no effect of dietary zinc level on the zinc concentration of the whole blood or on its haemoglobin content ( Table 3 ). The haematocrit level among zinc-deficient rabbits, however, was significantly lower than that of the controls. It was not possible to obtain suitable blood samples from 2 of the zinc-deficient rabbits found dead before the end of the experimental period.
In the tissues studied, only the zinc concentration in the dark hair was affected by the zinc levels in the diet (Table 4) . Although most of the dark hair of the zinc-deficient rabbits turned grey, what remained dark was significantly richer in zinc than the dark hair of the controls. Nothing in the literature supports this finding of higher levels of zinc in the hair. It is possible that differences in hair zinc in response to dietary levels of zinc in rabbits occur only in new hair grown during the experimental period, as reported in rats by Reinhold, Kfaury & Thomas (1967) .
In many of the species studied, zinc deficiency has been correlated with a reduction in the zinc level of one or more tissues. The particular tissue affected varies greatly among the species for which a reduction in zinc has been observed.
However, in work with control rats and those which were severely dwarfed by zinc deficiency, as were the rabbits in this experiment, Australian workers (Australia Commonwealth Science and Industrial Research Organization, 1951-2) found no difference between groups in the concentrations of zinc in the tissues studied.
Retarded growth, anorexia, and skin and fur disorders have been observed among other species studied under conditions similar to those reported here. The rat is particularly like the rabbit in that it too develops an achromotrichia (Stirn, Elvehjem & Hart, 1935) and females are unreceptive to the male (Hurley & Swenerton, 1966) when severely zinc-deficient. Loss of appetite is described here as a dominant feature of zinc deficiency in the rabbit.
Since reduced food consumption occurred in connection with weight loss, there remains the possibility that impaired growth, as well as low haematocrit levels and reproductive failure, are caused by reduced intakes of other critical nutrients.
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